ABSTRACT. and (6-2) band rotational temperatures were measured and compared using two scanning photometer at Cachoeira Paulista (23˚S, 45˚W) in 1999. The rotational temperature were obtained from the ratio between the P 1 (5) and P 1 (3) in the case of the (8-3) band and P 1 (4) and P 1 (2) lines for the (6-2) band. Three different Einstein coefficients, of Mies (1974) , Langhoff et al., (1986) and Turnbull & Lowe (1989) were used and compared between them. It was shown that both the temperature did agree well with in an error range when the Langhoff et al.'s coefficients were used.
INTRODUCTION
The airglow Hydroxyl emissions have been extensively used for studying atmospheric temperature variation in the mesopause region since Meinel (1950) published its usefulness (Greet et al., 1998 , Bittner et al., 2000 . The OH emission originates from a layer near 87 km of altitude with a thickness of around 8 km (Baker & Stair, 1988) . The temperature in the mesopause region is highly variable, between 150 and 250 K, depending on the geographic location, local time, season and dynamical processes, such as tides and gravity waves (Waltersheid et al., 1987) . The OH rotational temperature is one of useful parameters to monitor such variable atmospheric temperature in the mesopause region.
There are several reasons for using the OH rotational line spectrum to measure the mesopause temperature. The collision frequency of OH with the neutral atmosphere in the vicinity of 90 km of altitude should be in an order to 10 4 s −1 and the life time of the excited OH is around 3 to 10 msec. (Mies, 1974) . It indicates that the excited OH molecules in the rotational energy levels are in a thermal equilibrium with the atmospheric ambient gas (Sivjee & Hamwey, 1987 , Takahashi et al., 1998 . The other reason to use the OH spectra is that the rotational line spectra is open structure, separating 1 to 2 nm between the lines, which makes easy to measure individual lines by even low resolution (∼1 nm) spectrometer. Further, the line intensities of a band are only a function of the rotational temperature. Therefore using two lines from a single band one can estimate the rotational temperature by the following equation (Mies, 1974) :
Where T n,m is the rotational temperature estimated from two line intensities, I n and I m , from rotational levels J n , J m in the upper vibrational level ν , to J n+1 , J m+1 in the lower vibrational level ν . E ν (J ) is the energy of the level (J, ν).
The OH rotational temperatures have been measured using several different bands, for example, (9-4), (8-3), (6-2), (4-2) and (3-1) bands with a combination of different Einstein coefficients, Mies (1974) (hereafter Mies); Langhoff et al. (1986) (hereafter LWR); Turnbull & Lowe (1989) (hereafter TL); and Nelson et al. (1990) . This different combination of measurement has been giving significant ambiguity in determination of the rotational temperature as pointed out by French et al. (2000) . Table 1 shows recent OH temperature measurement carried out by different groups in the world.
It seems that the Einstein coefficients for the OH ground state and lower vibrational levels are consistent between the different calculations (Nelson et al., 1990) . For the upper vibrational levels, however, the coefficients show a certain discrepancy between them. The relative intensities calculated by the TL coefficients are the highest and those calculated by LWR are the lowest (Golden, 1997) . Calculation of the Einstein coefficients depends on precision of the electric dipole moment function and the wave function used. Error range of the two functions will increase in the higher vibrational and rotational levels. These are the factors that introduce discrepancy between the rotational temperatures. (2000) OH (6-2) Mies Takahashi et al. (1999) OH (6-2) Mies Taylor et al. (1999) OH (6-2) Mies and LWR Shiokawa et al. (1999) OH (6-2) TL Greet et al. (1998) OH (6-2) TL Williams (1996) OH (8-3) Mies Bittner et al. (2000) OH (3-1) Mies Espy & Huppi (1997) OH (3-1), OH (4-2) Mies Mulligan et al. (1995) OH (3-1), OH (4-2) TL and Nelson et al. (1990) We designed and constructed a portable OH(8-3) rotational temperature photometer and installed it at Brazilian Antarctic station at King George Is. (62˚S, 50˚W) in 2000. Prior to that the photometer has been operated at Cachoeira Paulista airglow observatory (23˚S, 45˚W) for 4 months in 1999 in order to compare with the OH (6-2) rotational temperature observed at the same location. In the present work, therefore, we calculate the OH rotational temperature using the OH (8-3) and (6-2) band spectra, and compare between them using different Einstein coefficients published by Mies, TL and LWR.
INSTRUMENTATION AND DATA ACQUISITION
The portable photometer was designed to measure the OH (8-3) rotational temperature. It is a tilting filter photometer composed by an optics, photometer control electronics and data acquisition CRISTIANO MAX WRASSE, HISAO TAKAHASHI and DELANO GOBBI 225 systems. Figure 1 shows the schematic diagram of the photometer illustrating main part of the instrument. The optical system is composed by a near infrared interference filter with a diameter of 45 mm, 1.0 nm wavelength resolution, an objective lens, an internal calibration disk, a field stop diaphragm and a S20 PMT tube. The field of view is 2.5 × 8 • , which corresponds to an area of about 4 × 12 km at the OH emission layer (around 87 km of altitude). The electronics controls PMT high voltage (HV), preamplifier (PA) and discriminator (Freq), as well as the step motor M1 for filter tilting and M2 for calibration disk rotating. All of the systems are controlled by a computer. The photometer absolute sensitivity, counts/Rayleigh, was calibrated using a MgO screen illuminated by a laboratory substandard light source (Eppley ES 8315 calibration lamp). A tritium gas activated phosphor light source mounted in the disc was used for the day to day calibration of the sensitivity. The overall photometer sensitivity was around 3 counts/Rayleigh. This is low compared to the other ordinary airglow photometers, and requests longer time integration in order to get a good signal to noise ratio. One wavelength scan to get the P 1 (5) and P 1 (3) line spectra takes 20 seconds. After 10 continuous scanning an integrated spectrum is obtained, then the temperature was calculated. Estimated instrumental errors originating from filter transmission functions and uncertainty in the absolute sensitivity for the intensity and temperature are ±6% and ±3 K, respectively, and the random error are ±5% and ±6 K. Fig. 2(A) shows an example of the OH(8,3) spectrum measured by the photometer, where the OH(8-3) P branch lines can be identified. The P 1 (3), P 1 (4) and P 1 (5)lines can be traced by tilting the filter scanning the wavelength from 732 to 742 nm. The intensity ratio between P 1 (5) and P 1 (3) was used to calculate the rotational temperature, and this ratio has a larger temperature dependence compared to the other combination.
On the other hand, the OH (6-2) band P 1 (2), P 1 (3) and P 1 (4) lines were measured by MULTI-2, a tilting filter photometer, designed to scan the wavelength from 838 to 848 nm with the wavelength resolution of 1.0 nm (Melo et al., 1993) . Fig. 2(B) shows a measured spectra of the OH(6-2) P branch. A large optical diameter (60 mm) and a high sensitivity PMT tube (GaAs) made it possible to achieve a reasonably high throughput, around 20 counts/Rayleigh, which is much higher than that of the portable photometer. A rectangular field of view of 2 × 7 • covers the OH emission layer with an area of 3×11 km over the zenith at ∼87 km of altitude. The intensity ratio between P 1 (4) and P 1 (2) was used to calculate the rotational temperature, which has a large temperature dependence compared to the other combinations such as P 1 (3) and P 1 (2). The P 1 (3) line was not used because of that there are P 1 (12) and P 2 (12) lines of the OH (5-1) band near of it at 843 nm, and it is difficult to estimate the contamination of these lines. Only a single scan was necessary to determine a temperature. Estimated instrumental errors originating from filter transmission functions and uncertainty in the absolute sensitivity for the intensity and temperature are ±10% and ±2 K, respectively, and the random error ranges are ±2% and ±3.5 K for each measurement (Takahashi, 1999) .
The observations of the OH (6-2) band emission has been carried out at Cachoeira Paulista (23 • S, 45 • W), during 1998 and 1999. A total of 107 nights of data, with more than 4 hours of continuous observation, was used in the present analysis. The simultaneous observations of the OH (8-3) and (6-2) band emis- (B) -OH(6-2) P 1 (4) P 1 (3) P 2 (4)
Counts/s Wavelength (nm) Figure 2 -(A) Typical spectra of the OH (8-3) observed by the portable photometer and (B) the spectra of the OH (6-2) observed by the MULTI-2 photometer, where are showing the main rotational lines in the P branch used to calculate the temperature of the (8-3) and (6-2) OH bands.
Figura 2 -Em (A)é apresentado o espectro do OH (8-3) observado pelo fotômetro portátil e em (B)é apresentado o espectro do OH (6-2) observado pelo fotômetro MULTI-2, mostrando as principais linhas de emissão utilizadas para o cálculo da temperatura do OH(8-3) e OH(6-2).
sions were carried out at the same place from August to November 1999. A total of 19 nights of data was obtained and used for the comparison. The three Einstein coefficients, Mies, TL and LWR, were used to compare the rotational temperature between them.
RESULTS AND DISCUSSION
The nocturnal mean values of the OH (8-3) rotational temperature (hereafter T 83 ) observed by the portable photometer from August to November 1999 are shown in Fig. 3(A) . Temperatures calculated by using Mies, TL and LWR are plotted as a function of the observed intensity ratio between P 1 (5) and P 1 (3). The straight lines in the figure represent a linear trend of the temperatures. The figure shows that the temperatures calculated by the Mies coefficients are the lowest (circles) and the temperatures of the LWR coefficients are the highest (squares). The difference between them is not constant, but increasing with temperature, i.e., from 10 K around 180 K to 15 K around 230 K.
The nocturnal mean rotational temperatures of the OH (6-2) band (hereafter T 62 ) observed by MULTI-2 photometer between 1998 and 1999 are shown in Fig. 3(B) . Different to the case of OH (8-3), the temperature using the Mies and LWR coefficients are lower than those obtained by TL. It should be pointed out that the temperature of LWR is almost the same to that of OH (8-3). The different temperature with different transition probabilities of the OH (6-2) band has already been reported by French et al. (2000) .
In Table 2 overall averaged temperatures and the standard deviations of T 83 and T 62 , for the data from August to November 1999 are summarized. For T 83 calculated using the LWR coefficient is 12 K higher than Mies and 3 K higher than TL. T 62 using the TL coefficients is 13 K higher than LWR and 8 K higher than Mies. In order to compare the temperatures of the OH (8-3) and (6-2) emissions, the nocturnal mean values are plotted for the different transition probability groups, Mies, LWR, and TL, in Figure 4 . As expected from the Figure 3 , there is a good agreement in the mean temperatures between T 83 and T 62 for the LWR coefficients (209 K). For the Mies and TL coefficients, however, large differences in the temperatures, around 16 K, can be seen. The plots are rather scattered around the linear relation line in the figure. This might be due to the difference of random error range of the two different photometers. In Table 3 , the difference in the temperature between T 83 and T 62 are summarized. Table 3 -Temperature difference between OH (8-3) and OH (6-2) band.
Tabela 3 -Diferença entre as temperaturas das bandas da OH (8-3) e OH (6-2).

Einstein Coefficients T
The difference of temperature between the three transition probabilities, Mies, LWR and TL, shown in Fig. 3 are not observational result, but it came from the difference of the transition probabilities used as can be seen in the Eq.(1). It should be noted that the difference, more than 12 K, is large and we should keep in mind it when the OH rotational temperature is used to monitor the atmospheric temperature in a vicinity of the mesopause around 85 to 90 km. (1986) and Turnbull & Lowe (1989) , of the OH (8-3) band (A), and (B) of the OH (6-2) band, observed at Cachoeira Paulista (23˚S, 45˚W).
Figura 3 -(A) Média noturna da temperatura rotacional da OH (8-3) em função das razões de intensidades observadas para os diferentes coeficientes de Einstein de Mies(1974), Langhoff et al. (1986) e Turnbull & Lowe (1989). Em (B) o mesmo para a banda da OH (6-2). Os dados foram obtidos em Cachoeira Paulista (23˚S, 45˚O).
The difference of temperature between the OH (8-3) and (6-2) emissions from one transition probability to the others showed in the Fig. 4 is significant. A good agreement between the two temperatures can be seen in the case of LWR. The small difference of 0.2 K should not be called much attention if we look into the scattered points in the Fig. 4 and the instrumental error ranges of the two photometers, which is around ±5 K. The temperature differences larger than 16 K in the case of the Mies and TL tran-228 COMPARISON OF THE OH (8-3) AND OH (6-2) BAND ROTATIONAL TEMPERATURE sition probabilities, however, are much larger than expected from the instrumental error range. Mies (1974) em (B) e Turnbull & Lowe (1989) 
Figura 4 -Comparação da temperatura rotacional das bandas da OH (8-3) e (6-2) usando os coeficientes de Einstein de Langhoff et al em (A),
em (C).
There is another possibility to give a different temperature in the two emissions. If the emission heights are different and the atmospheric temperature has a gradient with height, the weighted mean temperatures of the two bands could be different. Past rocket measurements (Lopez-Moreno et al., 1987) report that the difference between the emissions from the upper vibrational levels (ν = 7) and the lower ones (ν = 2) could be as much as 5 km. On the other hand, McDade (1991) , concluded that the height difference from the upper vibrational level (ν = 9) to the lower one (ν = 1) should not be more than one or two kilometers. Whether the two emission layers are different with height or not, we can check it by looking into phase difference of their nocturnal intensity variations. In case of the gravity waves and tidal oscillations, their phase propagations are normally from the upper to lower heights. If the OH (8-3) emission profile is higher than OH (6-2), the former leads the latter. In order to check it, the intensity variations of the 19 nights were investigated using time lagged cross correlation analysis. No significant time lag (larger than 10 minutes) between the two emissions was found. In Fig. 5 typical nocturnal variations of the intensity and the rotational temperature on the night of September 3 and 4 are shown. Well correlated variation patterns of the OH (8-3) and (6-2) intensities can be seen. For the temperature calculation the LWR coefficients were used for both the emissions. The large variance of T 83 is due to the low signal to noise ratio of the OH (8-3) band observation on this night, resulting in a larger random error. From these results we conclude that the difference in the temperature between OH (8-3) and (6-2) should not be caused by their height difference and possible temperature gradient, neither the instrumental errors. The difference should be originated from the transition probabilities used. French et al. (2000) reported that the OH (6-2) band temperature calculated by LWR had a better agreement with their experimental values than those calculated by Mies and TL. Our present results and their discussion, therefore, lead a conclusion of that the LWR transition probabilities should provide a temperature of the OH emission layer better than the others, at least for the case of OH (8-3) and (6-2) band observations. For comparison of the present OH rotational temperatures with model atmosphere, the temperatures of MSIS-90 (Hedin, 1991) are also plotted in the figure. The MSIS-90 temperature shows similar nocturnal variation, but with much lower values, ∼ 20 K, compared to the OH rotational temperature, which should be further investigated.
CONCLUSION
The OH rotational temperatures were calculated from simultaneously observed OH (8-3) and (6-2) band P branch spectra. Rotational temperature of the OH (8-3) band calculated by three diffe- rent Einstein coefficients show that the LWR coefficients provide the highest values and the Mies provides the lowest values. For the OH (6-2) band the higher temperatures values are from the TL coefficients and the lowers due the LWR coefficients. A good agreement in the rotational temperatures between the OH (8-3) and (6-2) bands was obtained when the LWR coefficients were used. The portable OH temperature photometer is in operation at Brazilian Antarctic Station (62˚S, 58˚W) since 200. The temperature data are available under request to authors.
